Introduction
Vietnam is a country with a long agricultural tradition in which highly-skilled farmers make up 68% of the population. Annually, Vietnam has been exporting a lot of agricultural products, which contributes a large amount of foreign currency to the governmental budget. Recently, Vietnam has become the second largest exporter of rice after Thailand, of cashew after Indonesia and of coffee after Brazil. Moreover, Vietnam is one of the top-leading exporters for rubber, and black pepper.
Although the contribution of farmers is very important for agriculture as well as for the economy of Vietnam, farmers' earnings are much lower than the rest of the population. This fact has created an income gap between rural and urban people. To solve this problem, the government has applied a variety of policies to increase the farmers' income, for instance, policies related to import, export, agricultural outputs and inputs etc. However, studies on the effectiveness and impacts of such policies are still limited. How have the policies undertaken by the government had an impact on farmers? Are farmers receiving any benefits from policies provided by the government? These are the questions that the study partly seeks to answer. In this study, the method of policy analysis matrix (PAM) was used to analyze the effect of policies on soybean production in Vietnam. Moreover, the analysis of PAM also answers whether the development of soybean production has potential in Vietnam, in other words, whether soybean cultivation has a comparative advantage in Vietnam compared to the other soybean producers in the world. The results of the study are useful to policy-makers, and also help us better understand the effects of the current policies undertaken by the government.
The first section of the study discusses data collection, the theoretical framework and some useful policy parameters of PAM. The second section reviews the current situation of soybean pro-
Data
The primary data of this study was collected in a field survey in two agro-ecological areas of the Mekong Delta of Vietnam in 2004. In the Mekong Delta, rice is the main crop. Farmers often apply mixed farming systems such as one-rice and one-fish crop, or two-rice and onevegetable crop to improve income and soil conditions. Consequently, farmers grow soybean once a year. The soybean crop is usually cultivated in January and February after the Winter-Spring rice crop and harvested in March and April. In this study, farmers who grow two-rice and one-soybean crop were selected for interviews.
The interviews were conducted in Can Tho Province, representing the lower reaches of the Mekong Delta, and An Giang Province, representing the upper one. The total sample of 113 farmers, of which 58 farmers were in Can Tho and 55 farmers in An Giang, was interviewed following a stratified random sampling procedure. The survey was conducted by the staffs of Can Tho University, Vietnam.
Methodology
The approach of Policy Analysis Matrix (PAM) is applied to estimate the comparative advantage of soybean production. The PAM is a tool to create policy indicators for which values can be estimated, notable among which are the nominal protection coefficient, effective protection coefficient, private cost ratio and domestic resource cost ratio.
Regarding practical issues addressed by the PAM, Monke and Pearson (1989, p.17) proposed that the application of PAM approach is suitable for three areas of economic analysis:
-The impact of policies on the competitiveness of commodity systems; -The impact of investment policy on economic efficiency and comparative advantage; -The effects of agricultural research policy on steering the processes of technological change in desirable directions.
The PAM is built through double entry book-keeping, with the purpose of ensuring complete and consistent coverage of all policy influences on the returns to, and costs of, agricultural production or marketing. Indicators of the economic consequences of policies could be derived from the parameters in the matrix. The main empirical task is to construct accounting matrices of revenues, costs and profits. A PAM is constructed for each commodity sys-tem to be analyzed. Thus, the impact of commodity and macroeconomic policies is measured by comparing results in the presence and the absence of policy.
The PAM is comprised of revenues, costs and profits, at private and social (often called 'shadow') prices (Table 1) . The top row of the matrix is a budget showing costs of production and marketing at market prices, the only unusual aspect being the division of cost elements into two categories: tradable and non-tradable inputs (usually defined as domestic resources -the immovable domestic factors of production).
The second row in the matrix shows the same cost elements expressed at social prices, i.e. social opportunity cost. For tradable products, adjusted world prices are normally taken as social prices, applying import or export parity measures as appropriate. The social price of domestic resources is taken as their opportunity cost, in other words the return at the margin in the best available alternative. An important general point about the PAM is that the opportunity costs of domestic resources will be a function of current policy. Thus, strictly, these opportunity costs are only relevant under a particular set of policy constraints, i.e. they are constrained second best equilibrium values. If policy was to change, so would opportunity costs. For this reason, the PAM is not completely satisfactory in terms of economic theory, being based on a partial equilibrium rather than general equilibrium approach. It is a practical, indicative approach to policy, which recognizes that practitioners of policy analysis will only rarely have the data or the time to construct a fully specified general equilibrium model capable of generating useful estimates of opportunity costs under different policy scenarios.
Revenues Tradable input costs Domestic factor costs Profits
The third row of the PAM is simply the first row minus the second. It shows the net impact of: market failure; distorting policies; and efficient policies (those which correct market failure). The signs of the revue and cost terms in the third row indicate whether the net effects of policy and market imperfections for these categories amount to an implicit subsidy or tax. If for example, I letter were positive, the net effect of policy or market failure is that the market price paid to the system is in excess of the social opportunity cost, i.e. output prices are subsidized. The right-hand entry in the third row, L, summarizes the net effect of polices or market failures on the profitability of the system, known as 'net transfers'. If D > H, then the net effect of policy is to subsidize the system. In this case, policy reforms to bring about greater economic efficiency will reduce the gap between D and H, and this will induce adjustments in the commodity system in question, which may involve changes in the proportions in which resources are used and, at least in the short term, some contraction in the scale of operation.
Regarding indicators in the PAM, the basis PAM permits twelve indicators of economic efficiency, six of which are non-ratio indicators and six are ratio-indicators. Ratio measures are more useful for comparison of commodity systems which are dissimilar in the relative proportions in which they use inputs.
The primary objective of constructing a PAM is to derive a few important policy parameters for policy analysis. Seven of the most commonly used parameters are private cost ratio (PCR), domestic resource cost (DRC), nominal protection coefficient output (NPCO), nominal protection coefficient input (NPCI), effective protection coefficient (EPC),Profitability Coefficient (PC) and Subsidy Ratio to Producers (SRP) explained as followings:
-PCR is the ratio of factors costs (C) to value added in private prices (A-B). In Table 1 , PCR = C/(A-B). This ratio measures the competitiveness of a commodity system. This system is competitive if PCR is less than 1.
-DRC is the ratio of domestic factor cost valued at social prices to the value-added created by the same resources at social prices. In Table 1 , DRC = G/(E-F). It is, in fact, a social costbenefit ratio which helps determine the desirability of certain domestic production systems relative to the international market in terms of economic efficiency. The social cost is the opportunity cost of domestic resources involved in the production process. The social benefit is the value-added generated by the resources measured at social prices. If the cost is greater than the benefit (DRC>1), the production of the product is not desirable from the social point of view. On the other hand, if the cost is less than the benefit (DRC<1), the production of that product is socially desirable. If the cost is equal to the benefit (DRC=1), it is just worthwhile to produce the commodity. It also implies that in regard to the commodity in question, the allocation of productive resources is such that domestic resources are being used in a way that reduces the country's welfare.
-NPCO is the ratio of domestic market price of a product to its parity price at the farm-gate. In Table 1 , NCPO=A/E. If NPCO>1, it indicates that the private price of output is greater than its parity price and hence producers are positively protected for the product. If NPCO<1, it indicates that producers are implicitly taxed on the product. If NCPO=1, it indicates a neutral situation.
-NPCI is the ratio of the private to the social values of all the tradable inputs (or input components). In Table 1 , NPCI=B/F. If NPCI>1, it indicates that producers are taxed when they buy tradable inputs. If NPCI<1, it indicates that they are subsidized. NPCI=1 represents a neutral situation.
-NPCO and NPCI consider the distortion of government policy in the product and tradable input markets respectively in isolation. EPC measures the total effects of intervention in both markets. It is defined as the ratio of value-added measured at private prices to that at social prices, or EPC=(A-B)/(E-F). If EPC>1, it implies that the overall impact of the existing policy results in a net positive incentive to produce the commodity. EPC<1 represents a net disincentive. EPC=1 implies either no intervention or impact of various distortions in both the input and product markets results in a neutral effect on value-added.
-PC measures the impact of all transfers on the private profits. It equals the ratio of private profits to social profits or PC = D/H.
-SRP is a single measure of all transfer effects. In Table 1 , SRP = L/E = (D-H)/E. It indicates the extent to which the system revenues are increased or decreased because of transfers. If the market failures are insignificant, the SRP shows the net impact of distorting policies on the system revenues.
Results and discussion

Cost and benefit analysis of soybean production
The income is estimated by multiplying yield with price and the profit is calculated by using income minus the total cost of soybean production presented in Table 2 .
Can Tho An Giang Overall
Yield ( Note: 10a (are) = 1,000m2. Source: computed from the survey data Table 2 . Yield, income and profit of soybean production Table 2 shows that harvesting the average yield of soybean production of 268kg per 10a, soybean farmers sell their product with the price of 5,200VND per kg. However, there is a big variation in soybean price among farmers in the sample. The minimum price is only 1,000VND per kg, while the maximum is 7,000VND per kg. The reasons for this may come from the differences in output quality, the time of selling and unstable markets. Normally, the soybean price is fixed by purchasers while it is sometimes formed by the negotiation between buyers and sellers. At harvesting time, the buyers come to the farm to buy soybean at the farm-gate. Very few farmers could sell their product at the market price because of the lack of market information. They even sell their soybean at a low price compared to the market price due to poor storage facilities and the lack of savings for daily living. In rural areas in Vietnam, family labor is considered as the source of income. The ratio of profit to family labor means the earning of farmers received in their own land. This ratio of 106,000VND per day is three times higher than the hired labor price of 35,000VND per day, indicating that it is more profitable to do their own farming compared to working for other farmers as hired laborers.
The income-cost ratio of 1.6 indicates that farmers spent 1VND on soybean production costs and received an income of 1.6VND resulting in a profit of 0.6VND for soybean production performed by the profit to cost ratio. Although these ratios are rather high, the absolute amount of cash profit received by farmers is relatively low because of their small-scale production of soybean (the average soybean area of 0.68ha). In addition, the poor farming techniques and lack of market information result in unstable yields and prices that may not ensure sustainable income for soybean farmers.
Establishing the Policy Analysis Matrix
The basic information needed for compiling a PAM are yields, input requirements, the actual market prices and social prices of inputs and outputs. The major sources of data used for the private account in the PAM are from the data of the soybean farm household survey.
The first step is to establish a table of physical input-output relationships for soybean production. This numerical description of the soybean production function summarizes the technology used in this system. In this illustrative system, the inputs used by the representative farmers are about 18kg Urea, 18kg NPK and 3.3 labor days for crop care per 10 a. The average yield of soybean is around 268kg per 10a. These input-output coefficients are drawn from the synthetic budgets and the farm interviews presented in Table 3 . The second step is to compile a table of private (actual market) prices for each of the inputs used and output produced in the system. These prices should be representative of the base year of the study. The private prices for the soybean system are presented in Table 4 . The most difficult task for constructing a PAM is the estimation of social prices and the separation of inputs into their tradable and non-tradable components. We use the world price as a reference price. In the study, the social price of soybean is the respective import parity price of soybean equivalents at the farm gate as an imported commodity. The CIF import price of soybean is listed on the website of the Ministry of Agriculture and Rural Development. The CIF price is adjusted at the farm gate by adding to it the transportation cost from the port of Ho Chi Minh City, one of the biggest ports in Vietnam. The value of transporta-tion is assumed to be equal to 1 percent of the CIF price of soybean. The social price of soybean at the farm gate is then calculated by subtracting the distribution costs to farm.
I-O Quantities An Giang Can Tho Overall
As for tradable inputs, Vietnam has been importing chemical fertilizer, pesticides, fuel and other major farm inputs from international markets. Thus, the tradable inputs for fertilizer, fuel, etc. are the respective import parity prices at the farm gate and the social price of soybean seed is assumed to be equal to 20 percent of the social soybean price. However, because of complications for pesticide price, the social price of pesticides was not calculated in the study. Regarding domestic factors, since these factors are not tradable internationally and thus do not have world price, their social opportunity costs are estimated through observations of rural factor markets. The domestic inputs in the study are hired labor, machinery etc. They are assumed to be equal to the maximum prices in the sample.
When the parity prices of soybean and inputs are estimated, the shadow exchange rate instead of the official exchange rate is used to convert the international prices in US$ into VND. In the study, shadow exchange is assumed to be 16,000VND/US$ for calculating the social prices of soybean and its inputs. The social prices of soybean is calculated by adjusting form the international price to farm-gate level presented in Table 5 . Similarly, the social price of tradable inputs such as fertilizers and diesel are also estimated in Table 6 and Table 7 . Source: Own estimates; data appendix available from authors. Table 9 . Private and social revenues, costs and profits of soybean.
A Comprehensive Survey of International Soybean Research -Genetics, Physiology, Agronomy and Nitrogen Relationships
Getting the results from these above tables (Table 5 , 6, 7), the full set of social prices for the illustrative soybean system is presented in the following Table 8 .
After the calculation of private and social prices for tradable, non-tradable inputs and soybean, Table 9 shows a farm budget. The table is divided into two blocks. The first block records private prices, calculates the costs of inputs, and separates these costs into their tradable and non-tradable components. The second block is similar to the first block but all the values are calculated in social prices. The summary information from Table 9 is extracted to form a PAM of soybean production as shown in Table 10 .
Unit: VND/10a
The principal determinant of transfers to farm production activity is the difference between world and domestic prices. The study shows that farmers received the private soybean price of 5,159VND per kilogram. The CIF price of soybean is 5,725VND per kilogram equivalent to a farm-gate social price (after converting to social costs and subtracting the social value of transport costs). For 10a of soybean, the private profit is 521,205VND, while the social profit is only 312,672VND.
Comparative and competitive advantage of the soybean farming system
The ability of an agricultural system to compete without distorting government policies can be strengthened or eroded by changes in economic conditions. Dynamic comparative advantage refers to shifts in competitiveness that occur over time because of changes in three categories of economic parameters -long-run world prices of tradable outputs and inputs, social opportunity costs of domestics factors of production (labor, capital and land), and production technologies used in farming or marketing. Collectively, these three parameters determine comparative advantage. Comparative advantage of an agricultural system, in the PAM table, is indicated by the value of the Domestic Resources Cost Ratio (DRC). The DRC serves as a proxy measure for social profits. Minimizing the DRC is equivalent to maximizing social profits. Comparative advantage is an indicator of potential advantage and will be fully received if there is no policy distortion in the system. If a commodity has comparative advantage, its production is economically efficient.
Based on information provided in Table 10 , the DRC of soybean-farming system is 0.71. This result indicates that the soybean system has a comparative advantage. Growing Soybean in Can Tho is as efficient as that in An Giang because DRC of the two provinces are nearly the same. In other words, soybean production in An Giang has the same comparative advantage to that in Can Tho.
The determination of profit actually received by farmers is a straightforward and important initial result of the PAM approach. The results indicate which farmers are currently competitive. In the PAM table, the competitiveness of a system is measured by the private profitability (D) or Private Cost Ratio (PCR). Based on information given in Table 10 , the PCR of soybean production is 0.42. This result indicates that soybean cultivation is profitable and thus competitive.
Transfers and impacts of government policies
In the Policy Analysis Matrix (PAM), impacts of government policies can be identified by the divergences identity in the third row of the PAM The EPCs of the soybean farming systems are depicted in Table 13 . Regarding the total effects of government intervention in the output of soybean and tradable input markets, the study estimates the value of EPC=0.83. It indicates that there is no subsidy of soybean production in the soybean output and tradable input markets from government policies. The costs or profits of soybean producers are 17 percent less than they would have been in the absence of policy on output and tradable inputs.
Sensitivity analysis of soybean production
The aim of sensitivity analysis in this section is to examine whether soybean production will have comparative advantage or not when the key factors vary and change in the future. The expected results will help answer the question "How sensitively are ratios of a PAM subject to the changes of the key factors?" In the study, based on the unstable market of inputs, and the changes of government policy, three possible scenarios are assumed as: the reduction of soybean tariff from 15 percent to 5 percent, an increase of 10 percent in fertilizer prices and in exchange rate of VND/US$ of 10 percent. The results of sensitivity analysis of a PAM are performed in Table 14 .
-The decrease of the soybean tariff: Vietnam officially jointed the WTO in November 2006. In compliance with WTO rules, the import tariff for soybean has to decrease from 15 percent to 5 percent. Table 14 shows that when the soybean tariff is reduced from 15 percent to 5 percent, soybean production in Vietnam still has a comparative advantage since the DRC becomes 0.83 less than 1. Moreover, the NPCO = 1.01, indicating a neutral situation, meaning that there is almost no intervention of the Government in the soybean market. -The increase of fertilizer prices: According to the annual statistics, the prices of fertilizer have been increasing steadily and it is likely that the upward trend will continue in the future. Thus, we assume that the price of fertilizers will go up about 10 percent in the future and then we investigate how the change of the PAM ratios is. The result shows that soybean farmers in Vietnam still have comparative ability when the prices of fertilizer increase 10 percent.
-An increase in the exchange rate: Recently, since the Vietnamese currency gradually has been losing value compared with the US$ currency, the study assumes the US$ currency increases about 10 percent compared with the currency of VND and considers what happens to the PAM ratios. The analysis indicates that there are no big changes for Vietnamese soybean in terms of competitiveness and soybean cultivation and that Vietnam would still have a comparative advantage when the exchange rate increases 10 percent.
Conclusion
Calculating the costs, income and profit of soybean production, we described and estimated briefly the current situation of soybean production in Vietnam. It revealed that with the aver-age soybean yield of 268kg per 10a, farmers obtained income of 1.38 million VND. After excluding input costs such as fertilizers, pesticides, hired labors, machinery service etc., the soybean farm could receive a profit of 521,000VND. The financial ratios of soybean production showed if the farmer invested 1VND into soybean production, they could earn 1.6VND for income, thus receive a profit of 0.6VND. In addition, the ratio of profit to family labor indicated it was more profitable for Vietnamese soybean farmers to do their own farming than to work as hired laborers for other farmers. In other words, they could obtain the much higher amount of opportunity cost of around 107,000VND per day from soybean cultivation in comparison with the average hired labor of 35,000VND per day in the Vietnamese rural areas.
By applying the approach of policy analysis matrix (PAM) to analyze the competitiveness of soybean production in Vietnam, the study showed that soybean production had a comparative advantage since DRC was less than 1. Moreover, we determined that government policy had almost no positive impacts on the soybean farmers. It even reduced the competitiveness of Vietnamese soybean. Because PAM analysis could not capture the potential changes in prices and productivity, the results of scenarios in Table 14 are subject to changes in market conditions. Some sensitivity analyses were estimated to catch some potential changes. The simulation results showed that if any of the following forecasts became true, soybean production still had a comparative advantage: the decrease of soybean tariff from 15 percent to 5 percent, the increase of fertilizer prices of 10 percent, an increase of 10 percent in the exchange rate. 
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